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== (54) Title: PROJECTION DISPLAY-USE SCREEN AND PROJECTION DISPLAY SYSTEM OPTICAL SYSTEM 

= (54) 9S0]a)«fr: ^Pyi^v3>f>X^^fflX^ y->fiW?Pvi^>3>f>fX?^vXfA*¥l 

(57) Abstract: [PROBLEMS] A projection display-use screen formed by a diffusion film 
capable of arbitrarily controlling diffusion light intensity distribution characteristics with a 
diffusion angle region not changed by an incident light from a specific angle region, and by a 
light output direction conversion element being high in output direction conversion efficiency 
and free from limitation to an output direction conversion angle. [MEANS OF SOLVING 
PROBLEMS] A screen consisting of a diffusion film having a structure in which a plurality 
of layers, forming step index type optical waveguides different in refractive index between 
adjacent ones, extend in a layer inclined angle direction so as to be distributed in an almost 
top hat type with respect to a film thickness direction, or a structure in which layers, forming 
refractive index distribution type optical waveguides, extend in parallel or inclined to a film 
thickness direction with a layer length distributed in an almost top hat type. Or, a screen 
consisting of a diffusion film and a light output direction conversion film having a struc- 
ture in which layers, forming step index type and/or refractive index distribution type optical 
waveguides different in refractive index between adjacent ones, extend to be curved in a film thickness direction. 
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4, 4 , 4 , 4 , 4 , 4 MM^^VM^V^7fe«S§ 

1 2 3 4 L 
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9 %*£y4j\,J* 
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9A )fef7^/Vi.^ 

10 *^y— >- 
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60 uwny-(^^ (tfeSL7>f^A) 

61 i^fltg 

62 "7xii? xl? 9 
Ml, M3 ^7^- 
M2 #f^ffi^7~ 

[0028] ^PJ^v^C, 3fe^SrlB^-rs^lS^ov>Ttt, 024^-f «t5(^ 

m) (DftmziE (+) , *m^[^ (^t+i^) o^s^a (-) t-t&o 

[0029] mif^ ^/^(DcDlM^-t-^^HH-efeSo ^/WA(l)51fi, i^T^3zfi-<5#l 
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( 0 + A 0 max) \Z.frHrX<D$timfo-Vmfc-$-Z>o ^X\ 0 ll^It^S, A 0 max 
no (Z)^e>O#f5HC01/2-T?fe^ 0 
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[0031] r<£>££\ )t©P^^<ttfe© WfS^S 0 (Dgkmt. Bff^n 
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-sin _1 (l/n ) ^ 0 ^sin _1 (l/n ) 
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Kirlnl^-efeSo a^SS-m, A*f)fe^— fc&1!fe&*5;/fcfc©JiM£££©# 

^fj##«, Ei3^^-rj;5^, mm^nm 0 o#^w^Bff^*5H(( 0 - a 0 m 
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^^f^miU<^1000%^TXhn\#^m<D^^^(DmBW^h^^(DX > 
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Min[0 0 0 0 0in^Max[0 0 0 ', 0 "] 

112 2 112 2 

0 '=sin -1 [n Xsin{ 0 + A 0 max + cos _1 (n /n )}] (1) 

11 2 1 
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0 " = sin _1 [n Xsin{ 0 — A 0 max + cos _1 (n /n )}] (2) 



11 2 1 

0 ' = — sin _1 [n Xsin{— ( 0 + A 0 max) + cos _1 (n /n )}] (3) 

2 1 2 1 

0 "=— sin _1 [n Xsin{— ( 0 — A 0 max) + cos _1 (n /n )}] (4) 

2 1 2 1 
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[0035] y^/uMlM. ^v74>?y9xmDftmffl&<J&T. mzMm&bh^?nn 

LTV ^^/WA-e&So JlO^^^-fRlSr 0 fcU 0 Sr t t , 'L^!l± A 0 maxfftfv^ 
y^ttf^^tto ^.(D^/^XmM^&fD^^H 0 - A 0 max)~( 0 + A 
0 max)(DW-e^J— (^-<7^TV^5#^, ( 0 — A 0 max)"e$:*5K&l l Mt^ ( 0 + A 
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0 + A 0 max)<D^moV^^m^ft5 0 ^M^JSiP^n , 

air 

3751 (DBtff^&n , ^75**51 (DB&f^&n (n >n)tU 014OAltM^7^ 

1 1 2 212 
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n XsinU/2- 0 +(0 + A 6 max)}=n Xsin90° (A2) 

1 3 2 

[0038] 0 '= sin _1 [n X sin { 0 + A 0 max + cos -1 (n /n )}] (A3) 

11 2 1 

n Xsin(-0 ')=nXsin(— 0 ) (A4) 

air 2 1 4 

1 2 

[0039] n XsinU/2-(- 0 ) — ( 0 + A 0 max)}=n Xsin90° (A5) 

1 4 2 

0 ' = — sin _1 [n Xsin{-(0 + A 0 max) + cos _1 (n /n )}] (A6) 

2 1 2 1 

Sk±t>K Jf 0 + A 0 max)(DWr&<D±$L TM^T/^yV^m^^. 

1 2 
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0 " = sin _1 [n Xsin{ 0 — A 0 max + cos _1 (n /n )}] (A7) 
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[0045] 7>f7UA(2)52tt, 8M£f^ z#|R]dE^t£ 6 (7^/^(1)© 
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i 
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[0048] Lzmax — Lzmin^ (P/2) Xcos 0 (7) 

P = 2Xtt/^A ■■■■(8) 

A= (8/b 2 ) X (n -n )/n ■■■■(9) 

1 12 1 

[oo49] &,±(Dm i ¥^mfcry^/^M2)xn, ^tii-AMytmMmmm^hAHL-fcyt 

0 ^ein^e ••••do) 

NA2 NAl 

0 = sirT 1 {n Xsin(0 + 0 )} ••••(11) 

NAl g gl 

0 = sin _1 {n Xsin(0 - 0 )} ••••(12) 

NA2 g gl 

sin0 =(n /n ) X sin{tan _1 (n X^AXb /2)} (13) 

gi i g i i 

WltfttfcftftSWc 0 outfit T©J:5^$tbSo 
[0050] 0 ^0out^0 ••••(14) 

NA2 NAl 
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0 -tan _1 (n X^AXb /2) ~ 0 +tan _1 (n X^AXb /2) (15) 
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[oo52] ^-e, ^(D*%~xj>>&ffi^tt<Dmmkmw&fT% 

n(r) =n X (l-A/2Xr 2 ) (Bl) 
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rr-e, n ntp>bm±com$Tm, Anm^fm^mm, rn^^hmmxh^ 

i 

o ytm&&(Dmttfa<DffiRmfcwmM±b /2x<Dm$fm&n t-rtut, a= (8/ 

1 2 

b 2 ) X (n -n )/n N "Cfe5 0 
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[0053] mi7^-rx?^ y^^M^v'^^m^tm^^^'L^zm^t'o, %<d 

i 

z$kfrtb(DmM&r , Z<D&WX*<Dftm&&Pi(DytM<Dj?\ri\&, r * = dr /dz=tan 9 
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2 2 

reXfc*-e©3fe9jCSKrt<©3yi©^l^^ r *=dr /dz=tan 0 i:i~5 0 

2 2 2 

[0054] ^ A^m^m^itLmt^^m-r^w^ (a^^m-o tr , r *] tytm^wn 

i i 

2 2 

[0055] mu 




[0056] S:(B2) fi^fe^A^ier t-tO^feiB-CW^^I^r *^£ibf \ yt^Sgflt 
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...(B3) 



[0058] ^(B3)J;^tV^(P)^^6 0 ^(B3)^<Z)2X2tfM^^«sin^cos(Z)Mi5:^fca 

2 

^AXP = 2tc (B4) 

±o-C, P = 2tt/^A ■•••(B5) 
J5fe^ N iPfNA (Numerical Aperture) (D$jr%&?f% r^NAte^vo^MV 

2 1 11 

m^m^mtmt'r^(v*=dT /dz=tane =o) 0 

i i i 

[0059] ±ot, A^-^h/Hr ,r *] teHkMB6)tt£% 0 mfJ^PWHr r *] 

11 2 2 

2 2 

= 0i?fc5©-e, ik^(B7)-X:-$-7Lhn%o ^(B5)J;l9P = 2 7c/V~A?rfflV^t N z =P/4 

2 

fri?&5£(B8)i&5 0 -t-T?, 5£(B6), (B7), (B8)Sr5£(B3WSAU SSI" 6i#;5£(B9) 
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...(B8) 
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[0061] MB9)£V,ftm$i&ftX»(DMMmztetfZ>y£®lb<Dfime ii^W^if) 



[0062] 



[0063] 



NAO 



r =tan 0 

2 NAO 



-n xAxb /2 
i i 



iot, ^(bio)^, e ^zEcDifii-f 0 fift^-e-l-ifeiiSo 

NAO NAO 



0 =tan _1 (n X^AXb /2) 

NAO 1 1 



■(BIO) 

0 

r 

(Bll) 



NAO 



n X sin 0 =n X sin 0 

air NAO 1 NAO 

air 

5£(BllX (B12)£^ r©^7> 



(B12) 



NA=sin0' =(n/n )Xsin{tan _1 (n X^AXb /2)} 

NAO 1 air 1 1 



■(B13) 



NAO 
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[oo64] mmz^yt^m^AMiMtm^mt^mcm^^(Dx\ witi-sirts 

NAO 

n Xsin 0 =n Xsin 0 (B14) 

1 NAO g gl 

g 

[oo65] ±m^mn-fz>%:m s u rco^^^yx^^^Ma^ffiW-rs 

i 

nXsin(0 + 0 )=n Xsin0 (B15) 

g gl air NAl 

2 

[0066] nXsin(0-0 ) =n Xsin0 (B16) 

g gl air NA2 

&XBU)<Dd Sr(B14)^^ftAU sin 0 #C5££#5o 

NAO gl 

sin0 =(n /n)x s in{tan _1 (n X^AXb /2)} (B17) 

gi i g i i 

n =1. OtbT, 5£(B15),(B16)<fct> 0 ^0 Sr^feS^^^tL^tbT-^-^. 

air NAl NA2 

[0067] 0 = sirf 1 {n Xsin( 0 + 0 )} ■■■■(B18) 

NAl g gl 

0 =sin _1 {n Xsin( 0 - 0 )} (B19) 

NA2 g gl 

0 ^0in^0 (B20) 

NA2 NAl 

0 ^0out^0 (B21) 

NA2 NAl 

ftMffl&ftnft&titfrtzft^ yttfotf 0 m^x^zw, 0-0 -0 + 0 

NAO NA 

bt£Z> 0 r*Ud5t(Bll)<£> 0 &^A«^^#ibtL3 0 

0 NAO 

[0068] 0 -tan _1 (n X^AXb /2)~ 9 +tan _1 (n X^AXb /2) ■ • ■ -(B22) 

11 11 
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&7t#), Lzmax— Lzminte&^Tf-^&PjftSo 

Lzmax — Lzmin ^(P/2)Xcos0 (B24) 

[0069] — ;6\ 07(b)cD@»^^ ^^^M^V^M^^SScD^r^^V^ 

<-£A,ll&5#\ ^tL^Bff^ ft^it^f^ (At^£Srt^-©£>£5^f sis 

[0070] 7^;^Ol0T^itl45I^^M^ft5^iyMyfy^I 

[0071] ^*3, ins, mG^m^nmi^^^^h^^^^^y^^^vfcffK ® 

[0072] ^fc, 05, m6(DM-e«> P9^5Jf ^mi-5^£^ul#\ B$t^5Jlfl s #^ 

g 
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1 2 

[0074] mi2(b) f*^/v^(4)(DiM^-f-^^:li|-cfc5 0 IhHEU^^sj;^ y^/^M 

1 2 

012(c) fe7-j/i-M5)<D lM^-f-^^H|-Cfe6 0 I^EI^^tt6J;5^ 

5)55«, 74^Mi)<Dmmb7^M2)<Dnmb$m&L-x?j:%mm55 ^-r^ 

A 

[0075] mi2\Z.m^t^^-ffl<DU.WC7^;VM^\^X^ ^t^tW7^;vMl\ 

2)\^9rM^xm^b^x^, AMytmmnm^m-i^n^ti<D^^(Dmu^ 

<<*3S§l?J!(8)~(16)^O^T>> 
Jfcfc:, ^0J(8)~(l6)^OV^-Ct^0J-f-5 o 
[0076] ijT^n^x^^yfV^^^^^rA (H&LTyTXc) Trfl, v^^A^Mi- 

[0077] u5>u xyx^>-h^ffl^5^ N i^yT/n©!^, mmmb5iMm%:{#m-rz> 

<5 Q 
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/W^fci9, rcD^^/^3<t^ffilt^r^^m^/^2^W^y-^10^|fj^$ 

[0078] ^mtt^fB]»7^i=s2rt(D^^s&i« > ^ryf^fv^m.(D^mm.%, 

[^^m^^^M^-rm^S-efeSo 5fe^5&l^-r@Wn ©1(^7)1 

1 A 

hWSx ©ji 1 (n >n )^7^ffi^|B]i-B^IVS^lLtV^ 

2 B 1 2 

0 2 i«()tWlW^©7^^^)Tfe5o II , 1 OJtlfte, ^/Wxffi 

X A B 

bend-in bend-out 
A 

A bend-out 

[0079] 025^, m^vtc^m^Tu^^mm^^m^mti^mm^mifTm^ 

c 

X 

C bend-in bend-out 

(D5u«S§-e«, Si ^AttL7C7tlS8^ji^p H ^^i|iS^«^Jf^g<J;5^ 

c 

c 

bend-out 
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[0080] lfccDftmMJffam&y^^Ma^ ^-^v^v^m, *3«t^ mm^jffa 

[0081] ft*5, ^^(8)~(16)©W^^^>EI*5j;t>^^f-tr^T, ^^A^i-ii^^ 

X 

x 

x 

X 

X 

[0082] r(Dj;5^«^^^c^y-^1*, ^^^^(D^T* ftb^^BSrt 

bend-out 

io) Alt^cDfa^^f^^tLS, 

[oo83] toirt, ^mtt^-fRi^m^/^cDwit^M^^^ mwcrjA'j±(DAtttftwi&. 
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out bend-in 

[0084] ^fc, ^M^m^^^tm^^xm^^m^/^tL-xn, m^m 

[0085] r<D^ffitt^«fj£i^/W,«:, «B^(l)~(7)}-fflV^5«^^A^*3V> 

[0086] ^fc, l^^^m^^^^mra^/^fi, ±mmm<7)ftm&&m$.^tcm 
[oo87] rcD^wit^^^mra^/^^. AMyt^mm.^xmf ft&h&m&lt 
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[0088] ^tiiM^f^^^^A^fc^^mit^f^^mi£^^/Vi>,(D^/^®^ 

&m$L'tZ>Wi-&s %&x>Wyk<DMu ( = P?gni&:; Numerical Aperture ; P&^-NA) 
XWW^;:o^Tl2l22^£;ri3J;5^ )fe^y^y20(D^yX©ii:g, ^ 
mm&29 ( = 2X6 NA=sin0 "C^^^nSo 

2 2 2 

[0089] ^:3b\ ilc/n^^yr^^W^rA^flTIi, M;tfc£EI33^£ 

1 

^^/P)21^^m/c^^uvX^3ioT^VXfiJ^(Z) N l/a+l/b=l/f^#|fc-r 
Eggfb<75{iS^^#$^c^t-6^, -^cDft^S^S te, S /S =b/a N gr^fcU 3> 

2 2 1 

1 2 

o 1 

2 

[0090] 29=6-9 ■ ■ ■ -(0-1) 

2 1 0 

tan0 =(1 +d/2)/b ■ ■ ■ -(0-2) 

1 2 

tan0 =(1 -d/2)/b ■ ■ ■ -(0-3) 

o 1 

2 
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2 

[0091] -tcit?, mmm^(DNA(Dmm^miM^^"x, uT\z.mm-t% 0 

1 A 1 2 B 

A 1 

0 

air 

[0092] 3foH5, 6«c§p»=iti Srfefll-ets^©^— K-efe5o r©ro©*-Kis, 

A 

A B C A 

B C r 

c 

3tlS6{iC^OAP^tiiP^P fc 3jl^^*5V>T0 +0 -C^SltbT-feiSi-So 

C r 

[0093] ^B5^mm^AQttiiQXib^ifm^nx±Rm^fcm^, ^ca^w 

inl outl 

inl outl 

±0 , ± 0 Tr^6 0 R^omf^^H6(D^e— Kfcoivrfr5£, S^-K©N 

inl outl 

Ai3\ ± 0 ,±0 -C$fe*5£l^*.<5 0 

in2 out2 

[0094] rrt3fel5}lf BLt^5„ 0 ^7v|fbT<6^£ffi^TV^\ - 

inl 

0 l?^^#AR^AttbT<6^#^T^(Az{^PS/h) 0 ^J1SS#AR 

inl 

C 

C 

Ate, ±0 , ± 0 -e^Siis, rtJl^ft^-bfc^oTNAfM^U ^Jl^fe 

in 1 out 1 
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in2 out2 

in2 out2 

[0095] jfcfcl, E28<fcD, r<£>^|± 0 ,±0 <DaSW2rff9o |2|25<£>AOABHl*frLiE3£ 

in2 out2 

r/sin0 =(r +y )/sin{7r -(0 +0)} ••••(1-1) 

0 C 0 1 C r 

C 12 

0 =sin _1 (n/n) ••••(1-2) 

C 2 1 

5£(l-l),(l-2)«fct>, 2fe^Sr#S 0 
[0096] 0 + 0 =sin _1 {(n /n)X(l+y /r )} ••••(1-3) 

C r 2 1 10 

n Xsin0 =n Xsin{7t/2-(0 +0)} (1-4) 

air in2 1 C r 

^:(i-3),(i-4)«tt), e (=0 ) ffltettttbinZo 

in2 out2 

[0097] 0 =0 =sin _1 [(n/n )Xcos{sin _1 ((n/n)x(l+y /r))}] ••••(1-5) 

in2 out.2 1 air 2 1 10 

NAstep 

[0098] -0 (=-0 )^0 ^+0 (=+0 ) ••••(1-6) 

in2 out.2 NAstep in2 out2 

g 

o m^Ifi7^iii!:lirc*)5&ft, ^(i-5)cd± 0 tfsttj^NA&tfeJ&So 

out2 

A^J#J«> 023, 025, 026W^§|32 *BH^ ©Jlf^n (DZfVXJ* (Pgp) flStf 

x g 

|&fiiAz-K)£#*.TJ:V\, 
[0099] £1\ 029<Z) 0 ft % ^6^0V^T^^gtPt|3i(D^#ffi^^yHlJ^3Sfflb 

in4 
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d 



n Xsin(-0 ) = nXsin(0 -0 ) (1-7) 

air in4 g bend in3 

in3 air g in2 

air g 

[0100] 9 =sin" 1 [(n/n)Xcos{sin" 1 ((n/n)x(l+y /r ))}] ••••(1-8) 

in3 1 g 2 1 10 

^:(1-7),(1-8)J:I9, V&$mbti&o 

-6 = sin~ 1 [(n/n ) X sin{— sin _1 ((n /n ) X cos(sin _1 ((n /n ) X (1 +y /r ))))+ 6 

in4 g air 1 g 2 1 10 ben 

}] •■••(1-9) 

in5 bend 

ivo-c, ^(l-7),(l-9)f^L, t^O-^^^-f^ 
[0101] n Xsin(-0 ) = nXsin(0 -0 ) ••••(1-10) 

air in5 g bend in3 

9 = sin _1 [(n /n ) X sin{sin _1 ((n /n ) X cos(sin _1 ((n /n ) X (1 +y /r ))))+ 6 }] 

in5 g air 1 g 2 1 10 bend 

••••(1-11) 

NAstepin NAstepout 

[0102] 0^0 ^0 ••••(1-12) 

in4 NAstepin in5 

- 9 ^0 ^0 ••••(1-13) 

out2 NAstepout out2 

— ^\ 029, 030^ - 9 ^-90° ,0 ^90° X*&Z>fabs 5£(l-9),(l-ll)<fc 

in4 in5 

t), AttiliJcDgftl^S 0 ( 0 ^fE-f) ©&#fiJfc5«^<**xSo 

bend bend-in 

| 0 | ^-sin _1 C(n/n)Xcos{sin _1 ((n/n)x(2XR +y)/(2XR -y ))}] +si 

bend-in 1 g 2 1 in 1 in 1 



n _1 (n /n) ■ ■ ■ -(1-14) 



air g 



in 0 1 

[0103] &L6"TMa28t£*3Vvr, | 0 + 0 | > tc /2T?fc5^ %M5i>Sftfflmft-£<£E. 

C r 
C r 

^#^(1-3)^^ r /(n -n )Xy , -?2>5o iot, ft^t)^^<D=»Tff$ 

0 2 12 1 

minstep 



[0104] R =n/(n -n)Xy +y /2 = (n +n )/(n -n)X(y /2) ••••(1-16) 

minstep 2 12 11 12 12 1 
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in-min in 

-max 

out-min out-max 

0 , 0 ,0 ,0 fs, ^^-c^-^fetbSo 

in-min in-max out-min out-max 

[0105] m*] 



r 

-I 



n 0 



"air I 



-1 



^„-m» - sin 



», 



— sin 4 sin 



■ -if "l f • -lf M 2 2 ^i« 

-sin' —cod sin — ■— - 
[„ t \ In, 2R ir , 

"i f • -if "2 gjllZl Vfl . a 
— !-COS Sin — +Vbmd-in 



n 



— sin < - sin 



-1 



— ^-sin< 



cos sin 



sin 



-1 



"1 



— cos 



n, 2i? ra , -y\))j 

Y0 



Sin — + ^tend-out I 

l«, ^R^-yJJ) J 



...0-17) 
..(1-18) 
...(1-19) 
...(1-20) 



[0106] _bfS028~|l|3O<Z)^^VK^: > ^T©)fe^(^t5it^A P ^f>W H tt©^ 
©t»i{^ii / >*<^0. Oldeg./M m£X±.(Dmi%%fiM(DmkX*hZ> 0 

[0107] tf^ifiM^^^^M^i*, ia34^-r«t5J&, mw-^^Kommm^ 
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n(r) = n X (l-A/2Xr 2 ) (2-1) 

i 

1 1 

1 2 

[0108] A=(8/y 2 )x(n -n )/n ■ ■ ■ -(2-2) 

1 12 1 

1 2 

^S&F^-CcD^^^^fBl^r *=dr/dz=tan0 , r * = dr /dz = tan 6 b~t Atl 

11 in 2 2 out 

11 2 2 

az:o 0 

[0109] [ffc5] 




[Olio] :£(2-3)tc:*5V vr, 2x 2©fr ^JWWi?T ?iJ<e>#£\ A^j^tm^j^t-eC^ 

P = 2X 3 r/v r A (2-4) 

^M^S[±y/2, 0], [0, r*]-CfeS^^^SI±i^7 I cll^7L$i^(7D^it0 ( 

1 2 NAO 

yflS + -©t#IE)lc:ffi^i-5„ rcD^Jt (9 tt, ^(2-3)(2lr =0, r =- 

1 ~ NAO 2 1 

y /2 N r * = 0, z = P/4= ti/(2X A)^UU r *(=tan 0 M-ol^K^^ 

1 1 2 NAO 

[0111] 0 =tan'(n xAXy/2) (2-5) 

NAO 1 1 
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NAO 

NAO 

[0112] 3t^i7«i# g <Dfflm??i?^h4>*7 s >y?xytmifc&4 (sit, #3h&»&4 

i i 
i 

nao 

2 2 2 

NAO 

fe5<D-e, 7t^s§4 ©wit^ii, ytmmM (Dytmz-ttLrX- e /ntteZo 3 

2 2 NAO 

3 3 
NAO 3 
3 

M^5/^7t^S§rtT«3fc#t-^t-rSAlt^ : + 0 /n^ffitf^ : - 0 / 

NAO NAO 

n^xmftJTfa&$??LXm^Xty<^tKtj:Z> 0 ^16^ Mil7(Z)i^# 

g tmmm g ^^M^^^M^^^^^^^^^w^ffi^AW^/c^ 

[0113] r©^11^7^xyb^yfs'^3ti)SiiSroNA^l653fe||fi, ^Hl5i 
^18Trfe6o 

^Hi5^^a*^S§4 ^ftt-e^SftAA*f^cD7fel|-efe5 0 iot, 7t*iSS§4 

1 1 

NAO 

(DM$teP/2x&z>(DX\ ytmi5(Dytm^4 (Dmmnn- e ttto ytm&ffi 

1 NAO 
2 1 NAO 2 

tt^*H-SAtt^ltt, -(l-l/n)X 0 fc^S 0 r(DAlt^»*fe^tt: I (1-1/n) 

NAO 

xe I fee £»5/h£v\fcs£>, »i5«^2»^m4 t^S:efl|-e#So 3te3liS8&4 

NAO NAO 2 2 
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[0114] 



[0115] 



©fi^p/2tfe5ot:\ ytm$iffi4 (DytmzM-rzmMfin, d-i/n)x e t 

2 NAO 
3 2 NAO 

3 NAO 1 

S&rt-mA&f-^ : 0 d^Wlt^l : - 0 -^7 tiHic# g (Dff^M^v 5 

NAO NAO 

^M^V^^^rtl?«Alt^:-(l-l/n)x 0 ^ffitf^ :(l-l/n) 

NAO 

NAO 

0 =-(k— 1)X 0 /n • • • -(2-6) 



bend 



bend 



NAO 



k# g oMlM^v 



NAO 



0 -0 ^0 (k)^0 +(l-l/n)X 0 

bend NAO NAO bend NAO 



■(2-7) 



5£(2-7)^5£(2-6)£rftAU #:^#S 0 

-0 /nX(k + n-l)^0 (k)^-0 /nX(k-n) ••••(2-8) 

NAO NAO NAO 

•C^$^S@*f^^lS^fen(r)^«to-C«:*Sc iot, ^(2-7) 0 Hff^ 

bend 

bend 
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NAl 

[0116] e -e +(i-i/n)x e ■■■■(2-9) 

bend NAO NAl bend NAO 

X g bend 

4 

air 

[0117] nXsine =nXsin0 (2-10) 

1 NAO g ngl 

nXsin(0 +9 )=n Xsin0 (2-11) 

g bend ngl air outl 

3£(2-10),(2-ll)£«9, 0 tt^^^fetbSo 

outl 

0 = sin _1 [n/n Xsin{0 +sin"'(n /n X sin 0 )}] (2-12) 

outl g air bend 1 g NAO 

[0118] n Xsin{(l-l/n)X 0 }=nXsin0 ••••(2-13) 

1 NAO g ng2 

nXsin(0 -0 )=n Xsin0 (2-14) 

g bend ng2 air out2 

^(2-13),(2-14)J;«9, 0 it^-e-lifetiSo 

out2 

0 =sin _1 [n/n Xsin{0 — sin _1 (n /n Xsin((l — l/n)X 0 ))}] (2-15) 

out2 g air bend 1 g NAO 

5£(2-12\ (2-15) J; 19, ffitt»NA(3:, ^C^cD 0 taot^tSo 

NAout 

[0119] -0 ^0 ^-0 ■■■■(2-16) 

out2 NAout outl 

AttM^NAte, 3£(2-12\ (2-15)CD 0 =0° £U *C(2-12)<7) 0 £: 0 J^x. 

bend outl inl 

, (2-15)^(D 0 0 i^^T#btL5^(D— ^trfflv^TlE^^tbSo 

out2 in2 

0 =sin _1 (n/n Xsin0 ) (2-17) 

inl 1 air NAO 

0 = - sin _1 {n /n X sin(( 1 - 1 /n) X 0 )} (2-18) 

in2 1 air NAO 

x£(2-17) % (2-18)«fc!9, AMiJ®NA«, 7^(D 9 (Cj;oT^S 0 

NAin 

[0120] 0^0 ^0 ■•••(2-19) 

in2 NAin inl 

^ift^otl^^, ^(2-12),(2-15),(2-16)^*5V^T^i^ 0 <7)^^<Z)out^i 
0 = sin _1 [n/n Xsin{0 +sin _1 (n /n X sin 0 )}] (2-12A) 

inl g air bend 1 g NAO 
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0 = sin _1 [n/n Xsin{0 — sin _1 (n /n Xsin((l — l/n)X 0 ))}] (2-15A 

in2 g air bend 1 g NAO 



) 



0^0 ^0 ■■■■(2-16A) 

in2 NAin inl 

tUMiM^mVXn, 5£(2-17),(2-18),(2-19)<fct), m22<Di/XTJ*\Z.&t>1tft&sl : <D 
[0121] 0 =-sin" 1 (n/n Xsin0 ) (2-17A) 

outl 1 air NAO 

0 = sin" \n /n X sin(( 1 - 1 /n) X 0 )} (2- 1 8A) 

out2 1 air NAO 

0 ^0 ^0 ••■•(2-19A) 

outl NAout out2 

5£(2-19A)te, Tfe^BS^^tt^^y-Wi^^^ftif TU£5^ _hT#*f 
«jffiMMNAt&5r£&;tWH-5 0 *r-e, Jfcfc, OiMiJ-C_hT*f^NA^m 

axis 

[0122] 038«, |±S^llJ*^cD^^i^(Li:llM^^VM^V^^^^)4 ^ 

L 

axis 

^T?^5 0 ±ot, H|-e 0 =0 £&5£#<E> 0 3*3fc«>5fttt©££"Cfc5o 

out3 out4 axis 

0 7tlSl8^oV>T7fe^{^l±Slt®iPf^©#E^^i-6x^(2-20)^J; 

out3 

[0123] nXsin0 =nXsin0 (2-20) 

1 NAO g ng3 

n Xsin(0 —0 )=n Xsin0 (2-21) 

g ng3 axis air out3 

0 = sin~ 1 [n/n X sin{sin _1 (n /n X sin 0 )— 0 }] (2-22) 

out 3 g air 1 g NAO axis 

out4 

[0124] n Xsin{(l-l/n)X 0 }=nXsin0 (2-23) 

1 NAO g ng4 

nXsin(0 +0 )=n Xsin0 (2-24) 

g ng4 axis air out4 

0 =sin _1 [n/n X sin{sin _1 (n /n X sin((l - 1/n) X 0 ))+ 0 }] (2-25) 

out4 g air 1 g NAO axis 

axis 

[0125] 0 =l/2X[sin -1 (n /n Xsin 0 )-sin _1 (n /n X sin((l - 1/n) X 0 ))] (2 

axis 1 g NAO 1 g NAO 

-26) 

^(2-26)<D/&3£TT©fflttfIlJNA£&&5^f3, ^(2-26)£T3£(2-22)*fc{3:5£(2-2 
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out3 out4 

6' = d' =sin~ 1 [n/n X sin{l/2 X sin _1 (n /n X sin((l - 1/n) X 6 ))+l/2Xs 

out3 out4 g air 1 g NAO 

in _1 (n /n X sin 9 )}] ■■■■(2-27) 

1 g NAO 

[0126] —0' ^9 ■■■■(2-28) 

out3 NAout out3 

1 2 3 

1 2 

4 % • • • ■<D&£te£um£<v^>L\&^mm&&^&R(mm£ v ), R=r + y / 

3 0 1 

NAO 

[0127] tan( 0 /(2 X n)) = (P/4)/(r +y /2) ■ • ■ -(2-29) 

NAO 0 1 

^(2-29)ii9 &&¥&R}%#&ZV J *Z.tbtlZ>o 

R = r +y /2 = (P/4)/tan(6 /(2Xn)) ••••(2-30) 

0 1 NAO 

NAO 

&£>5£, ^(2-30)^9 ft W^g^-f-^ */hft^<^#R f* % n=0. 5COm 

min 

^(2-30)^n=O. S&ftMJt&b, ^(2-4),(2-5)t^^, ^t?-¥^.P>n 

•So 

[0128] R =7r/(nXAXy) ■■■■(2-31) 

min 1 1 

min 

R =2/(AXy) (2-32) 

min 1 

^-six^-s^j^r mmmmmtR ^uMmmt^mm^r^nnA 

min min 

2Xn)t?fe»), rtUn— JKWJ&3fe#tS*&©=«T^^aev^n =1. 55^X^5^ r 

1 1 

1. 3%^l^-e&?), JWitfOT^TVMi, ft^it^/VO+^^^V^^-CfeS 
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[0129] t^x\ yt(DAMMny^^m<^mm^ni^-9o o ~9o° oiSBft^fos^ 

^(2-16A)^*5V^-C, 9 ^-90° , 0 ^90° -Cfc?), ^ft«JJjftt^:(2-12A),(2 

in2 inl 

bend-in 



NAO 



[0130] 0 ^0 ^0 ■••■(2-33) 

bend-in-min bend-in bend-in-max 

0 = sin _1 {n /n Xsin(0 - 2 X tan _1 (P/(4 XR )))} — sin _1 (n /n ) (2 

bend-in-min 1 g NAO in air g 

-34) 

0 =-sin -1 (n /n Xsin 0 ) + sin _1 (n/n) (2-35) 

bend-in-max 1 g NAO air g 

^(2-16)^*3V>T, 0 ^-90° , 0 ^90° ~efe«9 % r©$lj^5£(2-12),(2-15) 

out2 outl 

bend-out ou 



NAO 



So 



[0131] -0 ^0 ^-0 ••••(2-36) 

bend-out-min bend-out bend-out-max 

0 = sin _1 {n /n X sin( 0 - 2 X tarT 1 (P/(4 X R )))} - sin -1 (n /n ) 

bend-out-min 1 g NAO out air g 

(2-37) 

0 =-sirf 1 (n /n Xsin 0 ) + sin -1 (n /n ) (2-38) 

bend-out-max 1 g NAO air g 

[0132] .£*_bfct^ ^^XM^y^M^ft^tJ^SEK-Ctt, A^»J(e - 

in-min 

in-max 

out-min out-max 

o 0 ,0 ,0 ,0 Tfcgrz^Z&ftZo 

in-min 

[0133] [ffc6] 



in-max out-min out-max 
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0*-mi„ - sin" 1 



-sin 



0^0 -2 tan 



4i?, 



+ 0„ 



0, 



= sin 



— ^ 1^-*,+ sin" 



sin 0 W 



— sin -{-sin 1 



0. 



our-max ~~ Sin 



u . r 



^ 0 -2 tan 



...(2-40) 



4i?. 



out J) 



.(2-42) 



.(2-39) 



...(2-41) 



[0134] _hfSEl34~39(D^7 2 V^-ett > ^^cOjfcOS^^bV^^^i^LTV^o r<£> 

[0135] ^t7T5/7Vyf^^^i, g^^^f^f^^tg^^m-rsjs^^^ 

O^^M^^it^O. Oldeg./ /x m^ittfl-W^bLTV ^»^^*3V ^Tt> 1^ 
[0136] ft*3, El23(^-r^^V^V^M, 025^^-TJij¥^^-^]^^;f^^ 
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h^<nmm*m^tmm(Dytm^TU4(Dm^^^x<DA^nmmmtiii 
Mftmmmi-z, ^^n^mK^^xm^fch^mu^M^b^x^^ 

^btfX%% 0 

[0137] ^y-yip^se it^y-yf/MP^ie t^y-yt^ip^s 

S S-min 
S-max S S-max S-min 

s 

2 

-l),(0-2),(0-3)<tt), £AT»J:5l^$HSo 

[0138] 0 ^tan _1 {(l + d/2)/b}-tan _1 {(l -d/2)/b} ■ ■ ■ -(0-4) 

S 2 2 

^-^O^^W-z^^Ufc^Bi-^S-rSc -LIE 0 &£Xfi 0 fi^ 

S-min S-max 
in-min in~max 

titbit xTv7°^7 s v?xm<Dm&, ^(l-17),(l-18)-e-^x.bn> ^x^My 
9V^*3l<E>3§£\ ^(2-39),(2-40)-e-^^L^5 o 
[0139] ^fc, ^fy^^ry^IWJfeiSKTWi:, m&ttfolzMytmJj&Z&U't 

zmffi^frtt&^zM<Dytm&&Tujbfimfe'rzm&te. .lib 0 ^utm 

S-max 

S-min 
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STEPin-min STEPin-max 

GRA 

Din-min GRADin-max 

[0140] Min{6 , 6 }-Max{ 9 , 9 }^tan _1 {(l +d/2)/b}-tan _1 { 

STEPin-max GRADin-max STEPin-min GRADin-min 2 

(1 -d/2)/b} ■■■■(0-5) 

2 

y°i2 i/^y 3 yfy^u^ Kjs v m a i£N AVJt ^^y*Jyfr^ W It \yfc% <D 

min max 

[0141] r.©i£ffc7^^fi, m^5is^r^^-rs^^<^2®^©)tem'^RTfi^^y^ 

[0142] flMtt-rs^m^/^— fesv^i^-y^— ^^-r^^m^mt^^hcDx-h 
m^mn^9^^^/^^v^y^^m^^xm^ti^K wm^f* 

[0143] 2jTfasx±(Djjfafaib<Dm^ mim^mtunmm\^-r^>%(DA^nm^ 

£b<f3:30 o uftxh& 0 
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[0144] z.(d?4^m^ m^mfn^^i-^^t^mm^ytm^m^y^— & 

[0146] rOj^i-LT^^fc^/W^ ^^^^V^McD^^j^JlJi^ft 

mmm i 

[0147] ^WU^fflv^cra^/^^, ^/^(l)^^^U 02OM^i-«fc5^ fllat 

1 2 
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1 2 

^{3, ymax = 4 J itm, L=300jum"Cfc»), ^^K(3)<D^# (L^ 10 Xymax) SrjSffe 
[0148] AtffiiJf^cDja^Jf^tt, n =1. 5325, n =1. 5275, ©#f^^An = n -n = 

12 12 

o. oo5, s#i^j^£>5Wf?«, mi3Kw\^^(om^v, m20K^(Dmm^ 
i-«t5^o° ~+6. 5° (Dv&as—fcs^y^tcmii&frk.o 0 ^M^m-^-r 
z>m2j$ftt<D2mmfrt>ts:Z) 0 mi3, m2o\^-f^mm^nm(omm]^m^i 

, m2^Mm^^(D\f—^^^x\^ a 

[0149] tem#^IS3i-t-^(l)~(4)^, A#t#J^^cD/^-^ 0 + A 9 max = 6. 5 
° , 0-A0max = O° , n =1. 5325, n =1. 5275$rftAUT\ 0 6 ", 0 ', 

1 2 112 

0 ", ^rf+^-rSi, 0 ' = 17. 2° , 0 "=7. 11° , 0 ' = 2. 87° , 0 "=-7. 11 

2 112 2 

° kttZo iot, j£(5) «fct>, roAltM^5>^ffiMfe^SI« 0 outfit, -7. 

11° ^0out^l7. 2° bftZo iot, ^l/£#M«fc?>, -7. 11° ^0in^l7. 2° 
©iSHTAJH-Wc^fit, -7. 11° ^ 0out^l7. 2° (D^H^IB&— 

[0150] J5fe^©3t^s, WI^IBIIflJ^JBTWmAlt-rsrt^jiSo ffiltWlfB#0>®0f**s 
fit, n =1. 55, n =1. 51, JgjFf^^An=n - n =0. 04"T?fct>, Sffi#^Jgfit- 

12 12 

3° -m£/^^S*^f3&l\> 

Attw^T-7. n° ^ 0out^i7. 2° ©$6bb^i&— m^uwcvtcmt, m 
ttw^^^^-rn =1. ss^^yv^v^M^^^^t^tK #mstt 

i 

SrifttJaSf-fcl-JfeSo WltM^cDrt§13-e«-4. 58° ^ 0in^ll. 0° <£>— ^Hfc 
l£1&Ufc#£&tU -^fca<Z)-e, -4. 58° ^0in^-3° - 

3° ^0in^ll.O° <Z>^Jt|SH<^^ -3 0 &^fc^fc^l*&*ftt>3gL-t 
VK'^^So fcfcL, -3° ^ 0in^ll. 0° (Dfim$m<Dyt(D?ib^ELM-e% 
S^tJtlSHfit, n =1. 55, n =1. 5l£<9, -3° ^0in^lO. 0° (Df5H<7)^-<?& 

1 2 
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5 0 iot, Mtowmftnft&'en. -i6. o° ^ ein^ii. o° (Dnmmmxm— 
mz%m-rz>zLk\z.ftz>o ^(Dmm^yt^n.m^taM-r^t, -25. 4° ^ 0 out 

[0151] #cfc, 3te<^fc°— ^-oV>T^tJH-5o AMiJ^5>»)iffi#^i*(D^^^V^T, 0 
t-9. 32° (D^fRl^ it&^M^ rUJ^*(-*5V>T0° 32° ^ 

[0152] mMW2\zm^ftw$k7>(A'j*te, ?^7i-M3)K$mu 02i^-rct9^> t#3t 

feo-C&S^, ^©lMi2t1i, Alt 11^5^ > Jd^o^v^n^b 

[0153] AJflBI8B#<£>JBrWE\ ^SlSO^6«l^013OS!l5eMl^*r«t5l^^y-Y-C 

ttMm%. &(6)X*m£tlZs<77$Vv?tefrttM$kX*m, b=2//m 
N n =1. 5325, n =1. 5275"efc5 0 <fcoT, 5^(9) £"9> A=6. 525 X 10 9 -C&<9, 

12 

(8)*U;>9> P/2 = 38. 89/im-CfcSo 3ttt^^^«0° ~6. 5° 5£ 
(7)fi % 0=0° "Cj$iti-*LfiJ;< % i"^^^Lzmax-Lzmin^38. 89jtim"C&>5 0 
^HSi^-e^Lzmax-Lzmin^, 021 (^^"£5^40 ju m.UmX^(DX\ AHJt 

%i%~iz.mWt£^Z)^b&X%Z> 0 &mMM<D&WC7>(A'J»'r?tt:. %M&0° ~6. 5 
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° t6. 5° <Dm$i?&X*fo&<DX\ 0° t6. 5° (Dffi$f$:ffy 0 

[0154] £i\ 6. 5° O^K^OV^T^W^So ^SKrtlflS^tt^(15)«tl9^^tb5«5 

ffl^^mgfT-rs^^l^So «toT^©^Sti^{c:J;Sl!£fc^l«-0. 557° -13. 

56° -e&5 0 n =n ^cDfcfc^N ffiJHira^W^^V^V^ 

i g 

M©JiTW^A*l~rSitt->fcSo ffiltfiiJ^»^^-^tt, n =1. 55, n =1 

1 2 

. 51, ©Sf*iAn=n -n =0. 04T?fc!9, JffK^Jt J3-3 0 ^IJ^^/^* 

1 2 

[0155] 557° -13. 56° <£>f&ffl^— ESfc&ffcUhfttt:, ffiM#J£B 

1 

ir^JfcSo mttW^OF*3§|3T^ 3t«-0. 551° -13.4° (0-f}^ftfc3t 

tjfet), jm#^sas-3° -3° &^>L^nm^&M&m<9MisX\^ 

<Z.tlZ-teZ> 0 fcfcU -0. 551° -13.4° ^Sf5ffl05fe^5^> ±&MX%Z>ft 
^tSH^»3tfixn =1. 55,n =1. 51«tt)x -0. 551° -10° ©^SftfflO^ 

1 2 

fc5o ±ot, ffilt#J^^©rt^-e«, -16. 0° 5. 45° , -0. 551° -13. 

4° (D^mmmx—m^uwui-^ti^^o -5. 45° - — 0. 551 0 ©wti^ 

2SftV^0° -6.5° ©^^^M^y^^3StSEBS^raS:a«)S^:«>^ - 

i6° ~i3.4° (D^mmmx-mK^m-r^o^m^nm^mM-r^t, -2 

5. 4° -21. 1° ©^JgfSHT— et^fH-5-<H-&3o 
[0156] AMiJt^^^^^M^^^M^^^^o 0 (D^^ov^T^|Wl«(^? 
*ff-TSi, WttM^^ffifc^te, -20. 4° ~io. 9° SSfc&tfc 

-TS^^f^So iot, -25. 4° —21.1° ©M^*tbT*3t), 0° —6. 5° (D 

(Dfia^^-ctt, -25. 4° -2i. i° commmmx-m^ytzfciik^^t 

[0157] Jfcft:, ^©t°— ^}£o^T#¥#rr5o A*f#J§P5>^*^S&^»3ttto^^7^^ 
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m-r^'t^f^ 0 mM®mft<Dmfe-3° m^x^<D^ -3° ©s-c^sjwu 

,0° ^-6° <Z>3tetfS£C5„ ^W^S^m^^, 0° ^-9.32° (Djffa^m& 

mmn 3 

[0158] ^Iife^j3-ef* % 041 (a) i^i"^^ ®Jf^©ffi^5S9 £:Jf 9 ^ffiFWfsJ 

1 2 

9A^rH4i (b) ^-r£?\-mfxnm-rz>~tx\ &&mz.m^zytm&j7\*i&& 

fcfitjtSf^ SJ?$^^lfP^*3JtS®*f^S, S9 55, Jf9 "Cttl. 51T? 

1 2 

X^4cmb, 5£(l-16)cDR *3 £ 1^(2-32) (DR <£>vvf tbirJfc^Tb+^^^L 

minstep min 

[0159] ^<Z)j;5^bTftif"CgB*bfc7t^^A^-9A^, ^CD— 3MM/^bMUl£r 

1 2 
2 1 

2$MW 4 

[0160] HlfeM4-Cfi, 033^^Lfc^^(Z)?*5yyT^n^^->3^V^7V^->^^A 
HI^GOvO^AcD^— Ml, M3y^li^7^ M2^LTMIflb/c7 I £^f3:El2 
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[0161] |||^©^"7 t A-t?fi033{c:^-t-J;5^^fi^y*-^lO©||-C57*-Ml, M2*5 
,fctf#j&®*7— M2JJl«tt)3|lI^|RlSr^, ft^>-^20ffi;^MftJ<£>^— 

8t)3r20cm, ^10CDf^£^lm, 1^>"X£^— Ml© ^^WfigBf &40cmb~$~ 

mZKOmf^Jt^^kX^ b=20cmX3 + 40cm=lm, S =lmt?feS 0 DM 

2 

i 

S /S =lm/2. 5cm = 40 = b/a=lm/a£9 > a = 2. 5cnTCfc?), l/a + l/b = l/f«t 

2 1 

19, l^X<£>£^fig||tf = 2. 44cmT?fe5o ^Xpgdii2. 4cm£Lfc 0 1 = 30cmi; 

1 

1 =1 +S = 130cm^fo3 o 

2 1 2 

[0162] r*l/C3fc^S$0V^— *tfS&:^Ufc©-C, ^(0-2),(0-3)«t»5, E27£> 0 , 0 

1 0 

0 =52.474° , 0 =16.066° £:&5 0 ^^^©^^©ttl^jNASr^rftS^I 
1 0 

opt 0 1 

,0 SX±6 UTXfr&fah, NA^y^Xj^iZllM^tt, 0 = 0 =16.066° 

in4 in5 in4 0 

, 0 = 0 =52. 474° l?fo3 0 

in5 1 

[0163] 0 (0 ^H3)£ff-|H-5o 0 f*. 5£(l-9)©- 0 3r+ 0 tlXc5£ 

bend bend-in bend in4 in4 

0 = l/2X[sin _1 (n /n Xsin0 ) + sin Xn /n X sin 0 )] (1-21) 

bend air g in4 air g in5 

Z.<D&&m^X* 0 , 0 3r_hiE#ffi£Un =1. 5, n =1. ObVX$iW~rZb 

in4 in5 g air 

, 0 =21. 275° £&5 0 

bend 

[0164] m^, m>vm^<D$m¥&^m-r&o ^^mxn, ^q-id«^lt# 

sin[cos _1 {n /n X sin(sin _1 (n /n X sin 0 )— 0 )}] = n /n X(l+y /r ) (1-11 

g 1 air g in5 bend 2 1 10 

B) 

^0 ,0 > n , n , n , n , y (y£%$%£ffi<Dlm = M<Dff&)<Di& : &AthXr £rff^L 

in5 bend g air 1 2 1 0 

, R=r +y /2<fc0, ft^N&£:3fc«>5 0 0,0 , n,n Sr_b|E#1ittU n =1. 

0 1 in5 bend g air 1 

55, n =1. 51, y =4 J um£bTr Sr^St, r =401. 617 n mb?£% 0 £oT, ft 

2 1 0 0 
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$^!tR=r +y/2=403. 617/zm^5 0 

0 1 

[0165] ^/c, ^f/W^<7W£ti:±, 0 Srfflw5£|g42J;tKr +y )Xsin0 irfc5cDT:\ t 

f bend 0 1 bend f 

= (r +y ) X sin 0 = 147. 2 & mTffeSo 

0 1 bend 

0 

^SrftA-T^ 0 =16. 084° kt£Z> 0 ioT^;(i-6)J:i9 N ffi^lMNA^^ 

out2 

5£<E>f5Bf3\ -16. 084° ^ 0 ^ + 16. 084° bte%> 0 

NAstep 

»fe#!J 5 

[0166] mMM5x^ mmwutmcmmTyxn^^zy 3 ^^^y°u^^^M^m 

ft¥%k(D*yxTA.<DmtlNA&&:lto&iti 0 ©fgfflte:, HJSM4£|*IC 0 ( = 16. 

opt 0 

066° )£JLL0 ( = 52.474° ) gft? fc3 0 ^tSH^Wtt^fRj^^/K^tD 
i 

[oi67] ^^>-M^v^sy(D5tm^rS]^m^/vA(DA^^itf5H«> 5^(2-16 

A)J^ 0 i^_b0 £*TT?fc5fl^ NAvs/fy^i^frtt, 0 =0=16.0 

in2 inl in2 0 

66° % 0 = 0 =52.474° T?&S 0 

inl 1 

0 (0 ^®E^)Srff-^*t-S 0 0 tt, ^(2-12A)Sr^LT)feS2fe^:-t? 

bend bend-in bend 

[0168] 0 =sin _1 (n /n Xsin 0 )-sin" 1 (n /n X sin 0 )] (2-12B) 

bend air g inl 1 g NAO 

rr-C, e tt5£(2-5): 9 =tan _1 (n X.fAXy /2)Tf+»^fb, 5£(2-5)^<©Ate: 

NAO NAO 1 1 

2\ 



5^(2-2) :A=(8/y ")X(n -n )/n ^fr^tl^c 

1 12 1 



^(2-2)(dy =4Atm,n =1. 55, n =1. 5l£ttAi~5^ A=l. 290X10 bfc 

1 1 2 

So mAmtoXummy , n jg^^(2-5)^^A-rs^, 0 =19. 397° ^ 

1 1 NAO 

rt.Re ig,ff)lB0 ,n|l^n =1. 5, n =1. 0^(2-12B)^ftAU 

NAO inl 1 g air 

0 =11. 848° frfcfe-fZo 

bend 

[0169] jfcfcl, n^Si-5 0 ni*, ^(2-15A)^«LT^S^^MV >Tff ll£^3o 
n= 0 /[0 — sin _1 {n/n Xsin{0 -sin _1 (n /n X sin 0 )}}] (2-15B) 

NAO NAO g 1 bend air g in2 
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5£(2-15B)te, &3£tp<Ds*7*— PftfoftfDffriB&iM&iXAU n=l. 0646^)^ 

[oi7o] m^, ^mm^(D^m^^tfWir^ 0 ^mm-cn, s(2-4) : p=2x n/r 

A^SulSAfe^-tAbT, P= 55. 32 # m£r# % i^Pjfi^tufB 0 , njg^(2-30) : 

NAO 

R = r +y /2 = (P/4)/tan(0 /(2Xn))MttAU EW¥^R=86. 247jum^ 

0 1 NAO 

Sfc, 7^AcDJ¥$ttt, 0 SrMV>SM42<tt)(r +y)Xsin0 ^©1?, t 

f bend 0 1 bend f 

= (r+y)Xsin0 = 18. 1 185 /i m {fdt L 0 =0° (D^M^) T?&5 0 

0 1 bend bend-out 

[0171] m^#jNAfi, _hT^ffi^^tfi-5 0 m^mmm^m 0 (= 0 

axis bend-out 
axis 

(= 0 ) =9. 4273° £&5 0 £oT, j£(2-27)«fc«9, 0 ' =0' =16.084° £ 

bend-out out3 out4 

5^0fSH^ -16. 084° ^ 0 ^16. 084° bt£%> 0 

NAout 
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L^lOXymax 



[5] Sufara^^Ao«atfi N tfriB^^^^jg^f^^^^^^M^v^ 
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Lzmax— Lzmin^ (P/2) Xcos 6 
, f*^l~3cDV^;fr^-fB*c©M^^ 

xV^w^^y— ^ 0 

^mmm^vxmm^T^^^^m^m^^i-mmcom^^^ 
m^m^mm^^ y^^m^^Mun^xm^-r^mm^-r^ 

/W»^ ^fe^f^^^AltLfc^M®^f^^Wtt^5^t±i*|-^fB]^7^A 

[io] A^^fe^^^^Aitb^^^mit^fem^^is^^TO^^stem^ 
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[11] mmny4^<DA^^nnmm^tmm^M^\^^y^^(D^mM 
[i2] mMm^AMvtc^iEmjjmmwmM^^mM^mmmy^^ 

/W^ffll^/c^y — ^ 0 
[15] f*^8~14cDV^^^-IS^O^mit^f^^mat^^i-5^^MV^c 

[16] ^b^BfjfS^n^^^^^o^^SrSttLTttrlE^y— >-^AMtS^%RMm$: 
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